
NASA/TM-1999-209533

Reference H Piloted Assessment (LaRC.1)
Pilot Briefing Guide
E. Bruce Jackson, David L. Raney, David E. Hahne, and Stephen D. Derry
Langley Research Center, Hampton, Virginia

Louis J. Glaab
Lockheed Martin Engineering & Sciences Company, Hampton, Virginia

December 1999



The NASA STI Program Office... in Profile

Since its founding, NASA has been dedicated
to the advancement of aeronautics and space
science. The NASA Scientific and Technical
Information (STI) Program Office plays a key
part in helping NASA maintain this
important role.

The NASA STI Program Office is operated by
Langley Research Center, the lead center for
NASA's scientific and technical information.
The NASA STI Program Office provides
access to the NASA STI Database, the
largest collection of aeronautical and space
science STI in the world. The Program Office
is also NASA's institutional mechanism for
disseminating the results of its research and
development activities. These results are
published by NASA in the NASA STI Report
Series, which includes the following report
types:

TECHNICAL PUBLICATION. Reports of
completed research or a major significant
phase of research that present the results
of NASA programs and include extensive
data or theoretical analysis. Includes
compilations of significant scientific and
technical data and information deemed
to be of continuing reference value. NASA
counterpart of peer-reviewed formal
professional papers, but having less
stringent limitations on manuscript
length and extent of graphic
presentations.

TECHNICAL MEMORANDUM.
Scientific and technical findings that are
preliminary or of specialized interest,
e.g., quick release reports, working
papers, and bibliographies that contain
minimal annotation. Does not contain
extensive analysis.

• CONTRACTOR REPORT. Scientific and
technical findings by NASA-sponsored
contractors and grantees.

CONFERENCE PUBLICATION.
Collected papers from scientific and
technical conferences, symposia,
seminars, or other meetings sponsored or
co-sponsored by NASA.

SPECIAL PUBLICATION. Scientific,
technical, or historical information from
NASA programs, projects, and missions,
often concerned with subjects having
substantial public interest.

TECHNICAL TRANSLATION. English-
language translations of foreign scientific
and technical material pertinent to
NASA's mission.

Specialized services that complement the
STI Program Office's diverse offerings include
creating custom thesauri, building customized
databases, organizing and publishing
research results.., even providing videos.

For more information about the NASA STI
Program Office, see the following:

• Access the NASA STI Program Home
Page at http://www.sti.nasa.gov

• Email your question via the Internet to
help@sti.nasa.gov

• Fax your question to the NASA STI
Help Desk at (301) 621-0134

• Telephone the NASA STI Help Desk at
(301) 621-0390

Write to:
NASA STI Help Desk
NASA Center for AeroSpace Information
7121 Standard Drive
Hanover, MD 21076-1320



NASA/TM-1999-209533

Reference H Piloted Assessment (LaRC.1)
Pilot Briefing Guide
E. Bruce Jackson, David L. Raney, David E. Hahne, and Stephen D. Derry

Langley Research Center, Hampton, Virginia

Louis ]. Glaab
Lockheed Martin Engineering & Sciences Company, Hampton, Virginia

National Aeronautics and
Space Administration

Langley Research Center
Hampton, Virginia 23681-2199

December 1999



Available from:

NASA Center for AeroSpace Information (CASI)
7121 Standard Drive
Hanover, MD 21076-1320
(301) 621-0390

National Technical Information Service (NTIS)
5285 Port Royal Road
Springfield, VA 22161-2171
(703) 605-6000



Table of Contents

INTRODUCTION .............................................................................................. 1

NOMENCLATURE ............................................................................................ 1

PURPOSE OF ASSESSMENT .............................................................................. 2

REF. H CONFIGURATION NOTES ....................................................................... 3

CYCLE 3 MODEL ORIGINS ........................................................................................................................ 3

GENERAL SPECIFICATIONS ........................... _........................................................................................... 3

AERODYNAMICS .................................................................................................................................... 3

OPERATIONAL CONCERNS ....................................................................................................................... 4

CONTROL LAWS .................................................................................................................................... 5
CONTROL SURFACE FUNCTION ALLOCATION .............................................................................................. 5

PROPULSION ......................................................................................................................................... 5

LANDING GEAR ..................................................................................................................................... 5

CENTER OF GRAVITY AND LOADING ENVELOPE .................................... ; ...................................................... 5

LANGLEY VISUAL MOTION SIMULATOR ............................................................ 6

CAB ARRANGEMENT .............................................................................................................................. 6

INCEPTOR (LEFT SIDE STICK) ..................................................................................................................... 6

VISUAL PROJECTION ............................................................................................................................... 6
HUD _ OTHER DISPLAY FORMATS ............................................................................................................ 6

MOTION CHARACTERISTICS ..................................................................................................................... 6

TEST ELEMENTS ............................................................................................ 7

TASK LIST ............................................................................................................................................ 7

Takeoff Tasks ................................................................................................................................... 7

Landing Tasks .................................................................................................................................. 7
Airwork Tasks .................................................................................................................................. 7

Failure Tasks .................................................................................................................................... 7

TASK NOTES ......................................................................................................................................... 8

Takeoff Tasks ................................................................................................................................... 8
Landing Tasks ................................................................................ . ............................................... 10
Airwork Tasks ................................................................................................................................ 14

Failure Tasks .................................................................................................................................. 15
FLIGHT CARD DESCRIPTION ................................................................................................................... 16

DATA COLLECTION ...................................................................................... 16

PILOT EXPERIENCE .............................................................................................................................. 16

PILOT RATINGS ................................................................................................................................... 16

AUDIOVISUAL RECORDS ........................................................................................................................ 16
DATA RECORDS ................................................................................................................................... 16

STRIP CHARTS ..................................................................................................................................... 16

TEST PROTOCOL .......................................................................................... 17

TEST SCHEDULE .................................................................................................................................. 17

iii



MOTION BASE OPERATION ..................................................................................................................... 17
COCKPIT RESPONSIBILITIES .................................................................................................................... 17

CONSOLE RESPONSIBILITIES ................................................................................................................... 18

TEST CONDUCTOR ......................................................................................................................... 18

BIBLIOGRAPHY ............................................................................................ 1 9

APPENDIX A. HUD SYMBOLOGY ............................................................................................................ 22

APPENDIX B. FLIGHT CARDS .................................................................................................................. 29

Flight Card Nomenclature ................................................................................................................. 29
APPENDIX C. CONTROLS ALLOCATION DOCUMENT ................................................................................... 90

iV



Introduction
This document describes the purpose of and method by which an assessment of the Boeing Refer-
ence H High-Speed Civil Transport design will be evaluated in the NASA Langley Research Cen-
ter's Visual/Motion Simulator. Six pilots will be invited to perform approximately 60 different
Mission Task Elements that represent most normal and emergency flight operations of concern to
the High Speed Research program.

The Reference H design represents a candidate configuration for a High-Speed Civil Transport, a
second generation supersonic civilian transport aircraft. The High-Speed Civil Transport is in-
tended to be economically sound and environmentally safe while carrying passengers and cargo at
supersonic speeds with a trans-Pacific range.

This simulation study is designated "LaRC. 1" for the purposes of planning, scheduling, and re-
porting within the Guidance and Flight Controls super-element of the High-Speed Research pro-
gram. The other major Guidance and Flight Controls simulation experiments referred to in this
document are described below:

LaRC.O

TIFS. 1

Ames. 1

Ames.2

This was the first full-envelope assessment of the Reference H design. LaRC.0
was conducted at NASA Langley Research Center in the Visual/Motion Simulator
in December 1995 using Cycle 2B release of the Reference H simulation model.

This experiment involved flight of the Air Force Wright Laboratories Total In-Flight
Simulator aircraft, a modified C-121H with variable stability and control capability.
It was conducted by Calspan Corporation in Buffalo, Nw York during May 1996.

This was an evaluation of different longitudinal control response types. Ames. 1
included a longitudinal control power criteria study. Ames. 1 was conducted in the
NASA Ames Research Center Vertical Motion Simulator in June 1996 using Cycle
2B release of the Reference H simulation model.

This simulation experiment compared three control inceptors: wheel & column,
center stick, and sidestick in the Ames Vertical Motion Simulator using the Cycle
2B model. It was conducted in the fall of 1996.

The present experiment, LaRC. 1, will include the latest control laws from industry partners Boeing
and McDonnell-Douglas. These control laws will include an evaluation of envelope protection al-
gorithms for the ftrst time in a Reference H piloted assessment. In addition, an evaluation of the
effect of the vehicle's structural dynamics (due to the inclusion of a model of the aeroservoelastic
modes of the flexible structure) upon flying qualities in selected maneuvers will be conducted.

[Note: When originally distributed as an information document to participating test pilots in ad-
vance of the study, this document was written future tense. In an effort to make minimal changes,
the future tense was kept in this revision which includes grammatical corrections and minor clarifi-
cations and style changes to fit the formal NASA publication series.]

Nomenclature
IIloa,£,
AGL
CDU
CG

Mean Aerodynamic Chord
Above Ground Level
Cockpit Display Unit
Center of Gravity



CHR
CRT
DME
DIA
EAS
HUD
HSCT
HSD
IAG
I.C.
LaRC
Mine
MTE
MTOGW
MZFW
OEO
PF
PFD
PIO
PLR
PNF
RFLF
RTO
SPD
SSB
TOGA
TIFS
VHD
Vmin

Vine

VMCA

VMCG

VMCL-2
VMS
V,
Vl
V2
XVS

Cooper-Harper rating
Cathode-Ray Tube
Distance Measuring Equipment
Denver International Airport
Equivalent Airspeed
Heads-Up Display
High Speed Civil Transport
Horizontal Situation Display
Niagra Falls International Airport
Initial conditions
Langley Research Center
Maximum Operating Mach Number
Mission Task Elements
Max Takeoff Gross Weight
Max Zero-Fuel Weight
One Engine Out
Pilot Flying (evaluation pilot)
Primary Flight Display
Pilot-Induced Oscillation
Programmed Lapse Rate
Pilot Not Flying (test engineer)
Recovery from Limit Flight
Rejected Takeoff
Surface Position Display
Simulation Systems Branch
Takeoff/Go-Around
Total In-Flight Simulator
Velocity/Height Display
Minimum Operating Speed
Maximum Operating Speed
Minimum Control Speed, air
Minimum Control Speed, ground
Minimum Control Speed, landing, two engines out
Visual Motion Simulator
Takeoff Rotation Speed
Takeoff Decision Speed
Takeoff Safety Speed
Enhanced Vision System

Purpose of Assessment
The 1997 Piloted Reference H Assessment test at NASA Langley will be performed using the
Boeing Reference H simulation model (Cycle 3). The purpose of the assessment is to evaluate and
quantify operational aspects of the model from a pilot's perspective.

This study (LaRC. 1) is the second full-envelope assessment of the Reference H model; the fast
was conducted at Langley in the fall of 1995 and focused upon the vehicle's basic configuration
with little regard to the control system. This assessment will include the latest control laws, known
as the _;'¢', or "gammadot-V," longitudinal law and the pfl, or "p-beta," lateral/directional law. In
addition, this assessment will contain the first evaluation of certain envelope protection features of



theselatestcontrollaws aswell as an evaluation of the effect Of the vehicle's structural dynamics
(due to inclusion of the aeroservoelastic modes of the flexible structure) upon flying qualities in
selected maneuvers.

Other simulation studies of the Reference H model have been conducted, both piloted and in batch
analysis, including simulation evaluations by Boeing, McDonnell-Douglas, Calspan, and NASA
Ames Research Center. This is the first assessment of the Cycle 3 release, however.

Ref. H Configuration notes

Cycle 3 model origins
This LaRC. 1 test will be based upon the so-called "Cycle 3" version of the aircraft mathematical
model. This was published by Boeing Commercial Aircraft Group in the summer of 1996 as the
fourth major release in a series of increasingly detailed math models of the Reference H design)
The Cycle 3 release has improved-fidelity models for aerodynamics, inertia, engines, landing gear,
and actuation systems. 2 The model includes quasi-elastic flexible aerodynamic effects and actuator
hinge moments and an engine inlet model that predicts and models the supersonic inlet unstart phe-
nomena. This unstart capability will be a factor in the assessment.

The simulation model is based upon a combination of wind tunnel and computational fluid dynam-
ics studies of the Ref. H design, ranging from low subsonic to 2.4M supersonic wind tunnel
studies. In addition, finite-element structural models have beenevaluated for strength, rigidity, and
flutter dynamic predictions; information from these computations are used to predict the effect of
steady flight loads upon aerodynamic stability derivatives.

The Cycle 3 model has been modified from the original release by a series of revisions. The
LaRC. 1 study will include revisions A, B, C and D to Cycle 3.

Some additional modifications have been made in the implementation of Cycle 3, including the in-
clusion (for selected maneuvers) of aeroservoelastic (flexible) structural modes. These modifica-
tions attempt to capture and recreate the effects of vehicle structural flexibility upon the pilot's fly-
ing qualities due to additional higher frequency motion of the cockpit caused by turbulence and pi-
lot inputs to the control system.

General specifications
The design vehicle (Reference H) is approximately 310 feet long with a wingspan of approximately
130 feet and has a MTOGW of 650,000 lb. and a MZFW of 350,000 lb. The fuselage has a
maximum diameter on the order of 12 feet, and is expected to carry approximately 300 passengers
in three seating classes.

Aerodynamics
The Ref. H vehicle design has a cranked-arrow planform, a conventional aft tail, and four under-
slung engines. The control devices include a geared horizontal stabilizer and elevator, a three-
segment rudder on a fixed vertical fin, eight wing trailing-edge flaperons, four leading-edge flaps,
a "vortex fence" device and two "spoiler-slot deflectors" on each wing (see figure 1).
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Figure1.ReferenceH generalarrangement

Operational Concerns
The need to operate within the existing airspace system mandates that the HSCT mix with subsonic
traffic in the terminal environment and operate at subsonic speeds. This requires the design to fly
most approaches on the "backside" of the drag curve - that is, an increase in power is required to
trim for a decrease in speed. This unconventional throttle activity would require extensive retrain-
ing of flight crews to successfully accomplish; however, this "backside" characteristic can be
masked by using a fairly high-bandwidth autothrorde system. During the LaRC. 1 study, landings
will be performed with and without autothrottles active.

Noise concerns have caused the examination and design of automatic flap deployment schedules on
takeoff and landing maneuvers. Also, a Programmed Lapse Rate (PLR) takeoff procedure has
been devised to schedule the autothrottle system during takeoff. This maneuver was investigated in
the 1995 assessment. These aspects of the Ref. H design will be further explored in this test.

A fuel-optimal climb and descent profiles that include loft and pushover maneuvers have been de-
signed to meet target range goals. These will be examined in the LaRC. 1 study for operational fea-
sibility.

It is anticipated that an operational HSCT will include some enhanced vision system to avoid hav-
ing to lower the nose for landing. While during this test the visual scene presented to the pilot is
not fully representative of an enhanced vision system, the display will include symbology super-
imposed on the forward view that is similar to proposed XVS symbology. The forward field-of-
view is shown at lower resolution and in a smaller field-of-view than that proposed for the opera-
tional XVS, however.

The geometry of the Ref. H configuration has been modeled in the simulation so that an accurate
assessment of tailstrike, nacelle strike, and wingtip strike can be made during takeoff and landing
operations.



Control Laws
The simulation model used in the LaRC. 1 test will use control laws that feature flight path rate
command/flight path & airspeed hold (_V) in the longitudinal axis, and a roll rate/sideslip com-
mand & bank angle hold system (pj_) in the lateral-directional axes. These laws were developed
by Boeing and McDonnell-Douglas, respectively, and have been implemented in the Langley
simulation model. These control laws are designed to provide (1) stabilization and control authority
over several flight regimes and (2) rudimentary autoflap/autothrottle capability sufficient to perform
the various tasks in the LaRC. 1 tests. Comments regarding these control laws are encouraged; un-
like the previous LaRC.0, evaluation of these control laws is now part of the purpose of this test.
Envelope protection features (overspeed and alpha limits) have been added to the flight control
system for this test, and will be studied in various maneuvers.

Control Surface Function Allocation

The method of utilizing the available control surfaces for various flight control functions is de-
scribed in Appendix C.

Propulsion
The engine model included in the Cycle 3 simulation allows for varying levels of detail on engine
and inlet operations. At the highest complexity level, the engine inlet simulation reacts to flight
conditions that could cause an inlet unstart in supersonic flight on one or more of the four engines
being simulated. In general, the inlet is sensitive to small changes in freestream velocity angles -
that is, a sudden and non-trivial change in either sideslip angle or angle of attack will cause
(usually) the outboard engines to unstart at cruise conditions. The LaRC. 1 test will explore the im-
pact of this sensitivity as well as simulate a "ripple" unstart situation in which an inboard engine
failure causes the neighboring outboard engine to unstart. Several engine failures in subsonic
flight will also be evaluated.

The Ref. H design includes two mixed flow turbofan FE21/F15-A17 engines under each wing,
capable of 97,000 lb. of gross thrust each. The axisymmetric inlet includes a translating centerbody
spike to adjust the location of the shock wave at cruising speeds.
The outboard engines are located 31.2 feet from the centerline of the aircraft and are canted inward
at 2.4 degrees and upward 3.25 degrees relative to the centerline of the aircraft. The inboard en-
gines are located 17.4 feet from the centerline and are canted inward 1 degree and upward 5.7 de-
grees.

Landing gear
The landing gear design modeled in the Cycle 3 simulation consists of three sets of main gear, lo-
cated just behind the center of gravity envelope and arranged in left, center, and right sets of tires
abreast of each other, and a nose gear. The main gear are located approximately 156 feet behind the
cockpit and have an 17.7 ft stance. The nose gear is located approximately 56 feet behind the cock-
pit. Turning angle of the nose gear is 75 degrees.

Center of gravity and loading envelope
The Ref. H design has an operating empty weight of 280,000 lb. and a maximum taxi weight of
650,000 lb. Final cruise weight is expected to be 385,000 lb. The center of gravity can vary from
as far forward as 48.1% mean aerodynamic chord (m.a.c.) to as far aft as 56.6 % m.a.c. Various
LaRC. 1 tasks will be flown at these extremes as well as intermediate values of weight and CG as
appropriate for the task.



Langley Visual Motion Simulator

Cab arrangement

The Langley Visual Motion Simulator (VMS) is the original synergistic hexapod motion system.
The current cockpit configuration includes a left seat Pilot Hying (PF) station and a right seat Pilot
Not Flying (PNF) station. A throttle quadrant with four throttles is located between the pilot sta-
tions and includes a Cockpit Display Unit (CDU) that will be utilized in the LaRC. 1 tests to moni-
tor and adjust various functions of the simulation. A fold-down jump seat is located behind and
slightly to the left of the PNF station for an observer. The PNF has two rheostats to adjust cockpit
ambient lighting. Four-point harnesses are provided at all seats for motion operation.

Inceptor (left side stick)
The inceptor (controller) to be used for. all LaRC. 1 tests in the Langley VMS is a McFadden left-
handed side stick. The PF seat includes a left-side armrest that is adjustable to provide appropriate
forearm support for the left ann of the evaluation pilot.

. Visual projection
An Evans & Sutherland ESIG-3000 visual image generator is used to provide out-the-window
scenery onto four mirror-beam-splitter monitors: a left and a right side view, and two forward
views (one for each pilot). The terminal environment used for takeoff and landing work is a repre-
sentation of Denver International Airport (DIA). To assist the landing tasks, "desired" and
"adequate" landing boxes will be drawn on the image of the primary runway (DIA 35L), along
with a target landing reference stripe to either side of the target touchdown aim point.

HUD & other display formats

A simulated Heads-Up Display (HUD) is provided through an electronic video mix with the for-
ward view. Appendix A contains a schematic of this HUD format, which was developed for
LaRC. 1. Six other CRT displays are provided in the cockpit, arranged to the front and side of ei-
ther pilot, in addition to the CDU. These displays provide a heads-down Primary Flight Display
(PFD), a Horizontal Situation Display (HSD), and a Velocity/Height Display (VHD). It is antici-
pated that the PFD and HSD will be somewhat familiar to the evaluation pilot; the VHD display
was developed for the LaRC. 1 test and provides profile climb/descent trajectory information as
well as a display of the Ref. H Vmo/Mmo envelope as a function of altitude.

In addition, two specialized displays will be used in the LaRC. 1 study: a Surface Position Display
(SPD) and a trim display; these are used to monitor the wing flap positions and the engine thrust
levels, as well as to ensure proper configuration of the autothrottle and landing gear positions prior
to each simulation run.

A scorecard display is also provided at the completion of each run to indicate the numeric value of
certain metrics _luring the run to assist the evaluation pilot in assigning pilot ratings to the various
tasks.

Motion characteristics

The motion platform will provide up to _+0.6 g acceleration cues vertically within a 5.75 foot travel
envelope; lateral and longitudinal acceleration limits are similar. The angular limits of the Langley
VMS are +30/-20 ° pitch, +_32° yaw, and +_22° roll. (Positive pitch is in the nose up direction.)
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Motion cueingwill beenabledfor the majority of the tasks. Table 1
cueing for each task.

Test elements

indicates the use of motion

Takeoff

Landing

Airwork

Task list

The following tasks will be evaluated by each pilot during the LaRC. 1 tests:

Tasks

Rejected takeoffs
Standard acoustic profile takeoff
Alternate acoustic profile takeoff
Programmed lapse rate takeoff
Minimum control airspeed - ground
One engine out takeoff (no wind and crosswind)

Tasks

Nominal approach and landing
TIFS offset approach and landing
Go-a.rounds

Crosswind (15, 25, 35 knot) landings
Circling approach and landing
Decelerating approach and landing (autothrottles on and off)
Minimum control airspeed - landing (two engines)

Tasks

Level-off from climb - transonic and supersonic
Profile climb
Profile descent
Initiation of climb - subsonic

Airspeed change - subsonic climb and subsonic, transonic and supersonic cruise
Heading change - 5 flight conditions
Stall series (symmetric and asymmetric power)
Diving pull-out
Emergency descent
Inadvertent speed increase recovery - supersonic
Two axis upset recovery - supersonic
Minimum control airspeed - airborne (VMcA)
Inlet unstart

Failure Tasks

• Landing with jammed stabilizer
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• Landing without stability augmentation system
• Landing without autothrottlc
• Flaperon hardover on takeoff
• Elevator hardover on takeoff

• Flapcron hardover during two-axis upset recovery
• Elevator hardover during two-axis upset recovery
• Autoflap failure during go-around
• Flaperon hardover during crosswind landing
• Elevator hardover during landing
• Degradation of roll power during crosswind landing
• Rudder hardover during landing
• Rudder hardover during landing rollout

Task notes

Refer to Appendix B for the flight cards describing each of the tasks. Table 1 can be used as a
cross-reference between flight card number and title, which may be of assistance in using the fol-
lowing notes.

Takeoff Tasks

The takeoff tasks included in this comprehensive full-envelope Ref.-H assessment are designed to
exercise the aircraft/pilot/control system over a wide range of scenarios. Maneuvers that are in-
cluded in this segment are rejected takeoffs (RTOs), one-engine-out (OEO) continued takeoffs, and
a series of noise abatement procedures. Maneuvers 1050, 1052, 2010, 2011, 2030, 7035, and
7036 are included in this block. In addition, a maneuver to determine the minimum control speed
on the ground (VM_) is also included, but will not be evaluated by all pilots since it is more of a
control demonstration than a handling quality maneuver.

Rejected takeoff maneuvers (tasks 1050 and 1052):

The two RTO maneuvers are designed to evaluate the aircraft's ability to remain controllable while
experiencing maximum braking. They simulate the need to reject the takeoff due to an engine fail-
ure occurring immediately before reaching the decision speed. Prior to commencing each maneu-
ver, pilots are briefed regarding what to expect. This removes the "surprise" factor of the RTO,
but does provide the means to carefully evaluate the scenario. The main pilot's task is to keep the
CG of the aircraft within the specified bounds for lateral distance from runway centerline using
rudder pedal inputs alone (i.e. differential braking should be avoided, or at least noted if it was
used). Maneuver 1050 is performed without cross-winds whereas maneuver 1052 has 35 kt
cross-winds. Incorporation of the cross-winds was intended to expose any possible control power
deficiencies that might exist.

One-engine-out continued takeoff maneuvers (tasks 7035 and 7036):
To complement the RTO maneuvers, two one-engine-out (OEO) continued takeoffs are included in
this block. For these maneuvers, the #4 engine (as shown in figure 1) is failed at a speed just
above the decision speed (V_). This requires the pilot to continue the takeoff. OEO takeoff ma-
neuvers are terminated at approximately 6.0 nautical miles from brake release which provides
enough time for the pilot to achieve stabilized flight with the asymmetric thirust condition. Maneu-
ver 7035 is performed without cross-winds whereas maneuver 7036 has 35 kt cross-winds. Ma-
neuver 7036 is probably the most difficult takeoff maneuver to successfully perform due to prob-



lemswith strikingvariouspartsof theaircrafton theground. Onceairborne,however,thepilot's
taskis notverydifficult.

As was the case for the RTOs, the OEO continued takeoffs only have one evaluation segment.
When the aircraft is on the ground, the pilot's tasks is to keep the aircraft within specified lateral
limits (+10 feet for desired, +_27 feet for adequate performance). At V r, the pilot is to follow the
rotation guidance (maneuvers 2011, 2030, 7035, 7036) to perform a consistent, smooth rotation
for lift-off. At V, -5 kts, the pitch rotation guidance brackets (see the HUD description section)
become visible and the reference waterline is doubled in size. At Vr, the rotation guidance brackets
begin to move vertically with respect to the reference waterline. They indicate the instantaneous
level of pitch rotation error. The rotation guidance brackets are driven to command a 1.5 deg/sec 2
pitch rate acceleration, a 3.0 deg/sec steady rotation rate, and if need be, a 2.5 deg/sec 2 pitch rate
deceleration. Pitch rate is arrested only if a tail strike becomes imminent. Desired performance is
achieved when the pitch rotation rate error is less than 0.5 deg/sec for 90% of the time. For ade-
quate performance the pitch rotation rate error is increased to 1.0 deg/sec for 90% of the time. In
addition to the pitch rate error brackets, a tail strike bar is also included. Once airborne, the pitch
rate error brackets, and the tail strike bar are removed from the HUD display.

The pilot's airborne task is to follow the velocity vector guidance symbol. It provides lateral and
longitudinal guidance information. Laterally, it provides guidance to follow the extended runway
centerline. Longitudinally, it provides guidance to intercept and maintain the desired climb speed.
Additionally, a minimum climb gradient (3%) is commanded when the aircraft is unable to acceler-
ate at the specified rate to preclude too shallow of a climb gradient. Desired performance is to keep
the commanded velocity vector within one velocity vector diameter of the guidance symbol 90% of
the time. Adequate performance is achieved when the commanded velocity vector is within two
diameters of the velocity vector guidance symbol 90% of the time.

This criteria may be conceptualized by two imaginary boxes centered around the velocity vector
guidance symbol that are three velocity vector symbol diameters in width and height for the desired
performance box and five velocity vector symbol-diameters in width and height for the adequate
performance box. The goal is to keep the velocity vector within that imaginary boxes 90% of the
time. (The metrics for each performance standard are calculated and displayed to the pilot at the
conclusion of each run).

In addition, the pilot is to attempt to reduce the sideslip angle to zero using rudder pedal inputs and
the sideslip indicator (again, see the HUD description section). No performance metrics are estab-
lished regarding sideslip excursions.

Acoustic takeoff maneuvers (tasks 2010, 2011, and 2030):
There are a total of three noise abatement maneuvers included in this evaluation. They represent
different ideas regarding noise abatement strategies. Maneuver 2010 is designed to be as similar as
possible to what was performed during the previous simulation study at NASA Ames Research
Center (Ames.2). Automatic flaps are active for this task. Thrust is manually advanced at the be-
ginning of the takeoff, but is then switched to autothrottles during the single thrust cutback at 700
feet. The maneuver violates many FAA FAR regulations and is probably the least realistic noise
abatement takeoff maneuver of the three. The pilot's task is very simple. On the ground, the pi-
lot's task is the same as OEO takeoffs, except that no rotation guidance is provided. The only sig-
nificant on-ground pilot performance metric for maneuver 2010 is that the lift-off pitch attitude be
close to 10 degrees. Once airborne, the pilot is required to establish an 8 degree flight path. Given
the fact that a flight path command system is employed for this study, this is almost a non-task. At
700 feet, the PNF will reduce the desired flight path to 2.5 degrees, using the CDU, and engage
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theautothrottles.The pilot's task is to adjust the flight path angle to follow the new desired flight
path. Them are performance metrics on bank angle and heading which are fairly easy to satisfy.
Maneuver 2010 has two evaluation segments. The first segment extends from brake release up to
just prior to the thrust cutback. The second segment covers the thrust cutback and the subsequent
climb.

One of the least desirable features of this maneuver is that during the initial climb segment, airspeed
is increasing rapidly and becomes as much as V2+40 kts. When the autothrottles axe engaged to
hold V2+10 (212 kts) the thrust is commanded to idle for an extended period of time (as much as
10 seconds in initial evaluations).

Maneuver 2011 was designed to be a takeoff maneuver that an HSCT might employ under current
regulations. Therefore, flaps remain fixed at their initial position (LEF=30°/TEF=10 °) and thrust is
a manual task performed by the PNF. The pilot's task is the same as the OEO takeoff maneuvers
(tasks 7035 and 7036). One obvious difference is that a single thrust cutback is performed at 700
feet, whereas no thrust adjustments were made for the OEO takeoff maneuvers. The thrust cutback
is intended to be a little more gradual than what was performed for task 2010 which reduces nor-
real acceleration excursions during the maneuver. Since thrust is a manual task, no extreme thrust
excursions are encountered, unlike maneuver 2011.

Maneuver 2030 is the most radical noise abatement procedure arid offers the maximum reduction of
noise suppression required to meet the new proposed Stage-3-X regulations. Noise regulations
require that the takeoff noise at two points be below specified levels to gain certification. These
two points are sideline noise and centerline noise. Sideline noise is the maximum level of noise
measured along a microphone array parallel to the runway centerline and displaced 1476 feet to the
side. Results for HSCT aircraft are that the maximum sideline noise is produced when the aircraft
is at very low altitudes (approximately 100 feet). Thrust cutbacks performed above this altitude
have no effect on the level of sideline noise produced. Sideline noise is also the metric that is the
most difficult to meet. Typically, HSCT noise suppresser requirements are determined from side-
line noise suppression needs. For this reason, a gradual initial thrust cutback to 75% of maximum
thrust is initiated at lift-off. This has the effect of exposing the sideline microphone array with a
reduced level of noise. For this maneuver thrust and flaps are under direct computer control. In
addition, once airborne, the aircraft is allowed to accelerate up to 250 kts which provides improved
aerodynamic performance and subsequently reduces the thrust required to maintain a given climb
gradient. When the aircraft reaches 250 kts, the autothrottle system switches into an airspeed hold
which has the appearance of being a second cutback.

The pilot's task for 2030 is the same as 2011, 7035, and 7036. The pilot performance metrics are
lateral distance from runway centerline while on the ground and in performing the rotation guid-
ance and velocity vector guidance tracking tasks. One apparent difference, however, is that the
longitudinal velocity vector guidance is only providing a climb gradient target, which is the same as
maneuver 2010. Again, as a result of the constant climb gradient combined with the _V control
system, pilot activity is significantly reduced. Additionally, since no large climb gradient changes
are required, normal acceleration excursions are also greatly reduced.

Landing Tasks

A flight card showing the task definition and performance critera for the Nominal Approach and
Landing (Task 4020) is shown in Appendix B. The task begins in level flight at an altitude of
1500 ft and an airspeed of 190 kts on course for a 30-degree localizer intercept. The pilot uses the
II.,S localizer and glideslope displays on the HUD shown in Appendix A to perform the approach.
At a DME indication of 7.0 NM, autothrottles are commanded to reduce airspeed to the f'mal ap-
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proachspeedof 159kts. Thecurrentprocedurefor usein thenominalapproachincludesanauto-
maticreconfigurationof leadingandtrailingedgedevicesthatis initiatedatagearaltitudeof 390 ft
andis rampedin overaperiodof 18seconds.Theimpetusfor this automaticflap reconfiguration
is thetradeoffbetweennoiserestrictionsimposedin theterminalareaandthedesireto reducethe
aircraftpitchattitudeat touchdown.Thenominalautoflapprocedurethereforeconfiguresthe air-
craft for a low speed/lownoiseapproachdown to analtitudeof 390ft at whichpoint thevehicle
passesa criticalnoise-measuringstation.Flapsand leadingedgedevicesarethenautomatically
commandedto ahigh-lift/low pitchattitudesettingof 10degrees(I.e.)and30degrees(t.e.)for the
final flareandtouchdown,therebyreducingthepotentialfor tailstrikeattouchdown.During this
period,thrustis increasedby approximately12%andpitchattitudeis reducedby approximately6
degreesto compensatefor theflap change. Whenperformingthe approachand landing with
autothrottlesengaged,thesechangeswill occurautomatically.Whenautothrottlesaredisengaged
duringtheapproachandlanding,as in theManual-ThrottleLanding(Task7095), thepilot must
advancethethrottleleversto compensatefor theautoflapreconfigurationwhich is initiatedat 390
ft. A sketchdepictingthelandingtasksegmentdefinitionsandperformancecriteriais shown in
figure 2.

A DeceleratingApproachprocedure(Tasks4220and4225)is alsobeingconsideredasanalterna-
tive to thenominalautoflapprocedurethathasbeenusedto datein theHSCTpilotedsimulation
assessments.Thisprocedurewould addressseveralof the concernsassociatedwith thecurrent
autoflapprocedure,but mayalsointroducesomenewissuesof concernwhich the pilot will be
askedto enumerate.Thedeceleratingapproachwill be initializedwith theaircrafttrimmedat 185
kts insteadof the 159kts usedin thenominalapproach.Thisspeedwill be maintainedthrough
glideslopecapture,andtheaircraftwill thenfollowadecelerationprofiledesignedto bring theair-
speeddownto 159ktsat therunwaythreshold.Theprocedurewill allow theuseof lower throttle
settingsduringtheapproach,whichshouldhelpto addressairportandcommunitynoiseconcerns.
Theprocedurealsopermitstheautomaticflap transitionto be initiatedat a higheraltitudeand to
occurlessabruptlythanin thenominalapproachandlanding. Pilot commentsregardingthe ac-
ceptabilityof thedeceleratingapproachprocedureareof particularinterest. Thetaskwill beper-
formedfirstwith autothrottles(Task4220)andthenundermanualthrottlecontrol(Task4225).

Crosswindlandings(Tasks4093and4095)will alsobeincludedin theassessment.Oneissueto
be addressedduringtheassessmentis to defineanappropriatedecrabprocedurefor this aircraft.
The25-knotcrosswindlanding(Task4093)will be performedusingeachof thetwo candidate
procedures(A andB) shownonflight card4093includedin appendixB. Thepilot will beasked
todeclareapreferencefor oneof thetwoproceduresandthento usethatprocedureto performthe
35-knotcrosswindlanding(Task4095). This approachwill providesubjectivedataregardingpi-
lot preferenceaswell asquantitativedatain termsof thetouchdownperformancethat eachpilot
achievedusingtheir preferredprocedure.Pilotswill alsobe askedto offer suggestedimprove-
mentsto eitherof thetwo decrabprocedures.
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Figure 2. Task definition and performance tolerances for nominal approach and landing.

12



A new task that has been defined for this assessment is a Circling Approach to Denver Interna-
tional's runway 26 (Task 4140). This task was developed based on pilot comments which re-
fleeted a desire to evaluate the aircraft and control system handling qualities in a low-altitude high-
workload environment where the pilot may find it necessary to maneuver extensively in close
proximity to the ground. The aircraft is initially trimmed at 159 kts on an ILS approach to runway
35R at altitude of 1500 ft with a ceiling of 1000 ft and visibility of 7 NM in a 35 kt crosswind.
Upon breakout, the pilot is asked to perform a circling approach to Runway 26 while maintaining a
minimum altitude of 750 ft. No head-down NAV display is available for use with this task, so a
recommended circling approach profile consisting of a series of turns scheduled with DME is
shown in figure 3.

Recommended Circling Approach Profile for Task 4140
1000 - ft ceiling, 7 n.m. visibility, Denver International Airport

20kft

26

HDG= 260
h= 750 ft

' I_l h= 800 ft
DME= 4.6

HDG= 360

/I
Shl- - 800 ft

I / DME= 3.5
I ,,HDG=

f. 8°°°°°
-J _ h- 950 It

iL_20 k ft_

DME= 2.8

HDG= 360

I
(Use 25-degree bank tums)

Figure 3. Recommended circling approach profile from Denver International's runway 35R to
runway 26 for use in task 4140.
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The task is somewhat artificial in that there is no such approach procedure specifically prescribed
for use at Denver International. It is also unlikely that the pilot of an HSCT would perform such a
circling approach rather than simply executing a missed approach. Nevertheless, the task provides
an opportunity for pilots to assess the current vehicle model in a critical VFR operating environ-
ment.

Other approach and landing tasks that will be included in the assessment are the LAG Offset Ap-
proach and Landing (Task 4069), a Go-Axound initiated at gear heights of 50 ft and 30 ft (Tasks
4086 and 4085), and a demonstration of the minimum approach speed for recovery for two-engine
failure, Dynamic VM_ 2 (Task 4050). Flight cards showing procedures and performance criteria
for each of these tasks are included in appendix B.

Airwork Tasks

The LaRC. 1 airwork tasks include a variety of maneuvers representing both normal operation and
possible certification procedures.

Included in these up-and-away tasks are simple maneuvering tests (heading changes, climbs, level-
offs, descents, and accelerations/decelerations) in a variety of flight conditions. More complex
manuevers, including stall recovery and certification procedures, are included.

Certification maneuvers, including recovery from a two-axis upset, dive, and overspeed at cruise
conditions, will be evaluated. A demonstration of dynamic VMCA will be performed. An emergency
descent from cruise conditions following a simulated explosive decompression will be evaluated.
The result of a loss of thrust on an inboard engine and an inlet unstart on that engine, with a sym-
pathetic inlet unstart on the neighboring outboard engine, will be demonstrated. An inlet unstart
envelope depiction on the HUD symbology will be evaluated.

Profile climbs and descents may be demonstrated, using flight path director guidance to assist the
pilot in following the preplanned profile.

The stall maneuvers, also known as recovery from limit flight (RFLF) maneuvers, are designed to
test the aircraft's controllability at extreme angles of attack. All aircraft are required to demonstrate
that a certain margin exists between normal operational speeds, such as those used for takeoff and
landing, and the speed at which the aircraft stalls. Conventional aircraft demonstrate the stall ma-
neuver by increasing the angle of attack until the classical nose-down type of stall characteristics
are encountered. Unfortunately, HSCT aircraft stall at angles of attack considerably beyond the
angle of attack at which control is lost. Using the theoretical Stall speed in this application would
produce hazardous results since the aircraft can never fly to, and recover from, a stall condition.
Instead, for HSCT applications, a maximum angle of attack demonstration maneuver is employed.
The maximum angle of attack is determined from the desired approach speed and weight and ap-
plying the appropriate safety margins. For the Ref.-H, the maximum demonstration angle of attack
ts approximately 21 degrees. Therefore, all of the RFLF maneuvers require the pilot to maneuver
the aircraft to 21 degrees angle of attack, then recover.

Upon maneuver initialization, the pilot's task is to follow the HUD guidance to slow the aircraft
down at approximately 1.0 kt/sec. All RFLF maneuvers are performed with fixed thrust. HUD
guidance includes a biased acceleration arrow and also a velocity predictor bar (see Appendix A) as
part of the airspeed tape display. The acceleration arrow indicates inertial acceleration of the air-
craft along the flight path. If the acceleration arrow is aligned with the velocity vector (below 15
degrees angle-of-attack) a 1 kt/sec deceleration is achieved. Once the angle of attack is increased
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above 15 degrees, the acceleration arrow moves up to the reference waterline so that it remains
visible to the pilot. The velocity predictor bar indicates what airspeed would be achieved in 10
seconds at the current acceleration rate. As such its length will be approximately 10 kts long when
a 1 kt/sec deceleration rate is being maintained. Given the fact that the aircraft becomes extremely
airspeed unstable as the angle of attack is increased, maintaining a constant deceleration rate be-
comes difficult. Therefore, it is suggested that only loose tracking of the acceleration be attempted
while operating at angles of attack greater than approximately 17 degrees to avoid PIOs. In addi-
tion, an angle of attack tape display is provided.

Recovery is initiated as soon as the angle of attack reaches 21 degrees. For the non-turning RFLF
maneuvers (5010, 5020, and 7070) the pilot's task is to lower the nose and stabilize at approxi-
mately 13 degrees angle of attack without encountering any large bank excursions (desired per-
formance is bank angles less than +_5.0 degrees, adequate is +10 degrees). The turning RFLF
maneuvers (5040, 5050, and 7080) require the pilot to level the wings since these maneuvers in-
volve a 30 degree bank angle entry. Bank angle performance limits for the turning RFLF maneu-
vers apply to the recovered bank angle (i.e. wings level) and are the same as the non-turning RFLF
maneuvers. No bank angle overshoots are allowed for the recovery to the wings-level condition.
In addition, pilot comments regarding the aircraft's perceived recovery capability are highly en-
couraged.

Failure Tasks

All of the failure tasks that will be evaluated during this assessment of the Reference H configura-
tion will be no worse than Hazard Class II (i.e. all will be controllable and non-catastrophic).
Failures will be inserted into several of the standard takeoff, landing, and cruise flight cards and
will use the same metrics as the base tasks from which they are derived. Failures will be evaluated
in a separate block and the pilot will know what type of failure to expect and when it will occur.
The purpose of evaluating these failures will be to assess whether a minimum of Level II handling
qualities can be maintained despite problems with the flight control system and/or flight controls
and not the pilot's ability to respond to an emergency situation.

Tasks 7211 and 7212 (see Appendix B) are based on the Standard Acoustic Takeoff task (2010)
with a flaperon hardover and elevator hardover (30 ° trailing-edge down) respectively. The
flaperon hardover (trailing-edge flaps 1 and 8 deflected 30 ° asymmetrically) (see figure 1) occurs
after rotation but prior to liftoff. The elevator hardover occurs at 100 ft AGL and requires the pilot
to request that the leading- and trailing-edge flaps to be reconfigured in order to maintain a positive
rate-of-climb. The pilot-not-flying will reconfigure the flaps to zero deflection.

Five failures will be evaluated during precision landings. All of the failures, except task 7254, will
occur at 300 ft AGL while on short final. Task 7252, an elevator hardover (30 ° trailing-edge
down), does require that the pilot request that the leading- and trailing-edge flaps be reconfigured.
The pilot-not-flying will reconfigure the flaps to the TOGA settings. Two of the tasks involve
rudder hardovers: task 7253 (rudder panel 1 30 ° hardover) occurs at 300 ft AGL; task 7254 (all
rudder panels 30 ° hardover) occurs at main gear touchdown. The later task requires the nose
wheel to be on the ground in order to maintain positive directional control. The final two precision
landing tasks occur with a 15 knot crosswind. Task 7291 reduces the travel of trailing-edge flaps
1, 2, 3, 6, 7, and 8 to between 15 ° and 30 ° (a 75% loss of roll control). Task 7292 is a hardover
of trailing-edge flaps 2 and 7 (30 ° asymmetric). As with the basic crosswind landing tasks there
will be two different decrab procedures that can be used for these evaluations.

Failures at supersonic cruise conditions will also be evaluated. Using the 2-axis upset as the base
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task(task 6060), both an elevator hardover (30 ° trailing-edge up) and a 30 ° asymmetric hardover
of trailing-edge flaps 3 and 6 will be examined. These are tasks 7261 and 7262 respectively.
These tasks will be evaluated with an engine complexity of 5 (i.e. the engines can unstart) and with
unstart envelope guidance.

Finally, a go-around with trailing-edge flaps jammed at landing deflections (task 7286), a landing
starting outside the outer marker without stability augmentation in all axes (task 7100), and a land-
ing starting outside the outer marker with the stabilizer jammed at 0 ° (task 4110) will be evaluated.
These last two task were initially evaluated during the previous Reference H assessment. The
tasks themselves have not changed but the aerodynamics, metrics, and reference speeds have been
updated for this evaluation.

Flight card description

The typical flight test card includes task definition, including flight phase, Mission Task Element
(MTE), weather, failure, and loading conditions, initial conditions for the run, target airspeeds,
etc. A narrative procedure for performing the evaluation of each task is provided. Up to three dif-
ferent evaluations are desired for each task; these evaluation segments are described on the flight
card along with performance standards. Finally, a space is provided for written comments noted
by the PNF for each task. Appendix B contains a copy of the flight cards to be tested. Table 1
summarizes the task list of all flight cards.

Data collection

Pilot experience
Each evaluation pilot is requested to provide a brief biography of flight experience for inclusion in
any reporting of results.

Pilot ratings

The familiar Cooper-Harper rating (CHR) scale will be utilized for most LaRC. 1 tasks. Copies of
the Cooper-Harper ratings chart will be available in the cockpit and are available on request.

Audiovisual records

In addition to the CHR ratings, evaluation pilots are encouraged to provide narrative comments
both while performing the tasks and at the conclusion of each evaluation. Both the out-the-
window/HUD image and pilot comments will be recorded for post-test analysis and transcription.

Data records

A digital record of selected simulation parameters will be made for each run. Data collection will be
at least 4 Hz and will be 8 Hz for most runs. Some of these parameters are analyzed on-the-fly
during the run and selected information concerning maximum deviation from target values will be
available on the pilot score card display.

Strip charts
24 channels of certain parameters will be recorded on traditional strip chart machines as back up to
the data records.
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Test Protocol

Test schedule

Simulation sessions are arranged so two pilots can be accommodated over the course of a week. It
is expected that the two pilots will alternate sessions, so a two-hour-on, two-hour-off work sched-
ule will be used. Each pilot will be briefed prior to the simulation session to make the session more
efficient.

The actual number of simulation sessions required to evaluate the full test matrix will depend upon
the pace most comfortable to the evaluation pilot. Barring unforeseen hardware problems, there
should be ample time to look at the 40 or so higher-priority tasks during the course of a single
week.

Daily schedule:

7:30 - 7:45 Sim team briefing

7:45 - 8:00 Pilot briefing

8:00 - 10:00 1st session - pilot A

10:00 - 12:00 2nd session - pilot B

12:00- 13:00 Lunch

13:00 - 15:00 3rd session - pilot A

15:00 - 17:00 4th session - pilot B

Motion base operation
The operation of the VMS motion platform will be under the supervision of Simulation Systems
Branch (SSB) personnel. They will brief each participant on motion base safety and contingency
plans prior to the first motion session. Each participant will be required to complete a health ques-
tionnaire and indicate that they have received this briefing prior to the initial motion session.

A key interlock is used in the cockpit to indicate the occupants are all ready to begin motion opera-
tions.

Cockpit responsibilities
The PNF will be responsible for preparing the cockpit for each particular MTE and operating the
landing gear switch. The PNF will record pilot comments in summary form on each flight card as
well as any CHRs provided by the evaluation pilot. The PNF will record the run number, date, and
pilot on each flight card and annotate the voice record with the same information at the beginning of
each run. The PNF will be provided with a rnicrocassette recorder and encouraged to record the
evaluation pilot's comments at the end of each series of runs as a backup to the voice record. The
PNF will serve as the communicator to the simulation operations console and test conductor, lo-
cated in the real-time flight simulation facility control room, and will control the operation of the
simulation by calling for "hold", allowing the motion platform to reach initial conditions, and then
"'operate" to begin each task. The PNF will call for "reset" at the completion of each task.
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The evaluation pilot (Pilot Flying) will be tasked with performing each task as outlined in the flight
cards and render pilot ratings and other evaluation comments as appropriate. The evaluation pilot
will also be responsible for ensuring all motion cockpit occupants are ready to begin motion opera-
tions and turning the keylock to allow motion system to activate.

Console responsibilities

The Real-Time Console operator will configure the simulation for each task and introduce appro-
priate failures and weather states as required for the task under the direction of the test conductor.

Test Conductor

The Test Conductor, located in the control room, will track the progression through the test matrix,
maintain the run log, and operate the audio-visual recording devices. The Test Conductor will as-
sure the various tapes and strip charts are labeled with date, pilot, and run numbers.
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TABLEI. TASKLISTANDEXPERIMENTCROSS-REFERENCE

Card Seq. Task
No. No. ID Flight Card Name

Block 1 - Takeoffs and Stalls
Famililarization

1
2

3
4
5
6
7
8
9

10

11
12
13
14
15
16

Block
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Block
32
33
34
35
36
37
38

1 2010 Standard acoustic takeoff
2 4020 Nominal Approach & Landing

Takeoff
1 2010 Standard acoustic takeoff
2 2011 Standard acoustic takeoff
3 2030 Acoustic (Prog Lapse Rate) takeoff
4 1050 Refused Takeoff
5 1052 Refused Takeoff- 35 kt x-wind
6 7035 One Engine Out Takeoff
7 7036 One Engine Out Takeoff- 35 kt x-wind
8 7030 VMCG

Recovery from Low-Speed Flight
9 5020 Stall at Max Takeoff Power
10 5010 Stall at Idle Power
11 5040 Turning Stall at Idle Power
12 5050 Turning Stall at Thrust for Level Flight
13 7070 Engine-out Stall
14 7080 Engine-out Turning Stall

2 - Approach, Landing, Go-Around
1 4020 Nominal Approach & Landing
2 4020 Nominal Approach & Landing (ASE on)
3 7095 Manual Throttle Landing
4 4220 De_lerating Approach
5 4225 Decelerating Approach/Manual Throttles
6 4069 LAG (TIFS) Approach
7 4093 Crosswind Landing - 25 kt (Procedure A)
8 4093 Crosswind Landing - 25 kt (Procedure B)
9 4095 Crosswind Landing - 35 kt
10 4086 Go-Around, 50 ft
11 4086 Go-Around, 50 ft (ASE On)
12 4085 Go-Around, 30 ft (TS Off)
13 4085 Go-Around, 30 ft (TS On)
14 4140 VFR Circling Approach
15 7050 Dynamic VMCL-2

3 - Operation after Upsets
1 7060 Engine Unstart
2 7060 Engine Unstart (ASE ON)
3 6050 Inadvertent Speed Increase, high speed
4 6060 Simulated 2-axis Gust Upset, high speed
5 7040 DynamicVMCA
6 5070 EmergencyDescent
7 5060 DivingPull-out

hero- Used in Previous Experiment
elastic Motion
Modes Cuein_ LaRC.O TIFS.1 Ames.l Ames.2

off On ,/
Off On ,/

Off On
Off On q
Off On q
Off On q
off. On
Off On q
Off On
Off On q

Off On
Off On _/
Off On q
Off On
Off On
Off On q

Off On
On On q
Off On q
Off On
Off On
Off On
Off On ,/
Off On 4
Off On 4
Off On
On On
Off On
Off on q
Off On
Off On _/

,/
,/
,/

,/

,/
,/
,/

Off On ,/
Off On 4
Off on _/
Off On ,/
Off On _/
Off Off _/
Off Off _/
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TABLEI. TASKLISTANDEXPERIMENTCROSS-REFERENCE(CONT'D)

Card Seq.
No. No.

Task
ID Flight Card Name

W

Block 4 -
39 1
40 2 3022
41 3 3040
42 4 3050
43 5 3060
44 6 3062
45 7 3070
46 8 3072
47 9 3074
48 10 3076
49 11 3080
50 12 3082
51 13 3084
52 14 3086
53 15 3088
54 16 3030

Block 5 -
55 4
56 1
57 2
58 8
59 9
60 5

6! 6
62 3
63 7
64 10
65 12
66 11

Climb, Cruise, Descent
3020 Climb Trans. to Level Flight - Transonic

Climb Trans. to Level Hight - Supersonic
Level Hight Trans. to Climb
Profile Descent
Level Flight Trans. to Descent - Supersonic
Level Flight Trans. to Descent - Transonic
Transonic Accel
Supersonic Accel
Transonic Decel
Subsonic Decel
Heading Change - Transonic Climb
Heading Change - Initial Cruise
Heading Change - Final Cruise
Heading Change - Transonic Descent
Heading Change - TCA Descent
Profile Climb

Failures

7211 Flaperon Hardover during takeoff
7212 Elevator Hardover (TE down) during takeoff
7252 Elevator Hardover (TE down) during landing
7253 Rudder Hardover during landing
7254 Rudder Hardover during landing rollout
7291 Loss of 75% Roll Control during landing w/X-

wind
7292 Flaperon Hardover during landing w/X-wind
7261 Elevator Hardover (TE up) during 2-axis upset
7262 Flaperon Hardover during 2-axis upset
7286 Go-around with Autoflap failure
4110 Landing with Jammed Stabilizer
7100 Unau_Tnented Landin_

Aero- Used in Previous Experiment
elastic Motion
Modes Cueing: LaRC.0 TIFS. 1 Ames.1 Ames.2

off On _/
off On "_
off On _/
off On
off On
off On
off On q
off On ,_
off On
off On
off On
off On
off On
off on q
off on _/
off on 4

Off On
off On
Off On
off On
Off On
Off On

off On
off on
off On
off on
off On
off On _/
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Appendix A. HUD symbology

The Head Up Display (HUD) format shown below is referred to as the LaRC. 1 HUD. The format
shown below has all elements depicted; this "full clutter mode" is not used in any of the tasks of
LaRC. 1, but various elements can be enabled for specific tasks. This symbology set has been
made to follow as closely as possible the symbology set discussed at an XVS symbology work-
shop at Langley in September 1996; but does not completely conform to the XVS symbology set
due to resource limitations.

The various features of the HUD are indicated by their identification numbers (from 1 to 15) and
are described in sequence below. Operation of the new HUD element logic is also discussed.

J3,-
15 (" 282GS

0.44M
0.sz c

_6.5 a

13

12

13 03 _

35 257 4.4N

-----M J-

2----- I i I

lo I" • I<p- -I----8

6470 _ 5

I

14

J
13 .ca=-

=

"66_e

Ol

F3°l
3LI :

I0
_6

Run 001
00:00 ET
12-12-99

1 Bank angle scale with rollpointer and side-slip indicator. This section of the LaRC. 1 HUD
is specified to be the same as previously employed for the 1995 LaRC.0 assessment study. It
should be noted that after initial evaluations during LaRC.0, the side-slip indicator (lower portion
of roll pointer triangle)displays complementary filtered side-slip angle as the default for all tasks.
The side-slip indicator will turn amber when it moves just past the edge of the roll pointer indicat-
ing a sideslip angle of 4 degrees.
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30\ / / 30

\ /

2 Heading scale horizon line.
previously employed for LaRC.0.
crements.

This section of the LaRC. 1 HUD is specified to be the same as
Smaller tick-marks, without labels, are drawn at 5 degree in-

34 35 N 01 02
I I I I I I I i I

3 Airspeed tape display. Item #3 is a totally new dement for the NASA LaRC Ref.-H as-
sessment project. It displays analog and digital un-filtered equivalent airspeed (EAS) as currently
displayed only digitally on the 1995 LaRC.0 HUD. Several airspeed "bugs" are required for this
system. Takeoff decision speed V 1, rotation speed V r, takeoff safety speed V 2, and Vmo, Mmo,
maximum operating speed, are displayed. Vmo/Mmo and Vmi n boundaries are indicated by red
and white checkered areas on the right side of the airspeed tape reference line. Values V 1, Vr, V2,
Vmo, Mmo, and Vmi n are read from the maneuver initial condition (I.C.) files. V-speeds are dis-
played on the right side of airspeed tape reference line (white). Current commanded airspeed, ei-
ther from the I.C. file or from the CDU, are displayed by the appropriate icon shown below on the
left of the airspeed tape line (white). Digital equivalent airspeed is displayed in the high-lighted
area to the nearest knot (white). The airspeed trend line (green) indicates the anticipated airspeed
which will exist in 10 seconds. It emanates from the origin of the airspeed tape. The inertial accel-
eration parameter from the airspeed complementary filter system is used for this purpose. A 1.0
second time lag is applied to this variable to smooth its response. The open areas of the airspeed
indicator are not shaded.

-'Z

280-

Commanded airspeed indicator (white) --

Digital airspeed display (white) _

Airspeed tape reference line (white) _ 240--_.

" Vmo/Mmo boundary (red/white)

Airspeed trend line (green)

Reference airspeeds (white)

Vss boundary (red/white)
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4. Altitude display tape. The altitude tape display is also a new HUD element. It's function is
to provide detailed altitude information to the pilot. The digital altitude display (white) is different
from the airspeed digital display in that the hundreds of feet digits scroll at a different rate than the
tens of feet digits. For example, for altitudes between 6,500 and 6,600 the 065 would remain con-
stant and the tens of feet digits would change. Note that the tens of feet digits are resolved in 20
foot increments. The color of the altitude tape reference line, tick marks, and labels are white un-
less the altitude is below the minimum altitude. When the altitude is below the minimum altitude,
the altitude tick marks are amber. Minimum altitude is set to 200 feet AGL. The rate of climb dis-
play (white) indicates the analog rate of climb only when the rate of climb is between +4,000 feet
per minute (fpm). When the rate of climb is greater than +4,000 fpm, the rate of climb will be dis-
played by three digits (white) at the top (or bottom) of the scale indicating rate of climb in hundreds
of feet per minute. The scaling of this display is non-linear in that the distance from 0 to 1,000
fpm is twice that between 1,000 and 2,000 fpm, which is twice the distance between 2,000 and
3,000 fpm. The distance between 3,000 fpm and 4,000 fpm is the same as 2,000 fpm to 3,000
fpm. The minimum altitude wedge (amber) will become visible when the altitude reaches the
minimum altitude (200 fee0 with the base of the wedge touching the altitude scale line when the
altitude reaches 0 ft. There is an option to switch between pressure altitude and radar (landing
gear) altitude. When in radar altitude mode, an R (white) is displayed at the top and bottom of the
altitude scale line. No indication is shown when not in radar altitude mode (i.e. a P is not dis-
played when not in radar mode in an attempt to reduce HUD clutter). The open areas of the altitude
indicator are not shaded.

Digital altitude display (while)

Altitude tape reference line (normally white) m

• "_80o °

..,.66oo °

..D 704_

m...-Rale of climb display (white)

-62oo_

f.-,P--m mMinimum altitude warning wedge (amber)

5. Velocity vector cluster. The velocity vector cluster (white) is similar to what was used in
the 1995 LaRC.0 HUD, and includes the velocity vector symbol (an open circle with fins), option
digital airspeed, altitude, and DME readouts, an airspeed error tape that grows above or below the
left f'm of the velocity vector symbol, and an acceleration indicator. The main difference is that the
digital airspeed and altitude indicators of the 1995 LARC.0 HUD can be moved to the airspeed and
altitude display tapes. DME distance from/to the runway threshold can also be displayed if de-
sired. Other minor changes are the acceleration diamond is now a caret ( > ) and it is driven differ-
ently. The acceleration caret indications are now dependent on inertial acceleration which is com-
puted in the airspeed complementary filter section. This computation employs the acceleration of
the aircraft's C.G. resolved along the flight path. A 1 second lag is applied to this signal to im-
prove its motion. In addition, the capability to automatically move the acceleration indicator from
the velocity vector cluster up to the pitch reference waterline has been implemented. It will move
up to the reference water line when the angle of attack is above 15 degrees and back to the velocity
vector cluster when the angle of attack is below 14 degrees. This was done to enhance its use
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during high angle of attack operations. Another feature of the acceleration arrow is that its zero
position can be biased to permit its use while maintaining a non-zero acceleration, such as is de-
sired for the entry phase of the recovery from limit flight tasks. During these tasks (maneuvers
5010, 5020, 5040, 5050, 7070, and 7080) a 1 kt/sec deceleration rate will result when the accel-
eration arrow is aligned with the left inlet of the velocity vector. A 1 kt/sec acceleration will move
the acceleration arrow 1 degree on the HUD.

Equivalent airspeed _ 257 4.4 6470 -.4......--Altitude (either pressure or radar)

DME from/to runway threshold
6. Pitch grid, reference water line, and heading scale. The pitch grid and reference water line
(white) are changed for the 1996 LARC.0 HUD. The water line is replaced with a winged-V. Use
of the 1995 LARC.0 HUD takeoff rotation brackets (magenta) and expanded reference water line
(item #13) are included in the HUD option. The pitch grid is much wider than the 1995 LARC.0
HUD and has the center open. Only one set of pitch grid labels are indicated for this HUD option
and are placed inside of the left side pitch grid tick marks. The Horizon line and heading scale is
the same as the 1995 LARC.0 HUD. The tail-scrape bar (red/white), which is item #14, is also
retained with this HUD option.

10 m Pitch grid
Reference water line

5

-5

-I0
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7,8. ILS glideslope and localizer displays. The ILS glideslope and localizer displays are colored
white with a white moving diamond. When excessive deviation occurs, the white diamond
changes to,an amber flashing diamond. Excessive deviation is one dot. The glideslope display is
placed just outside of the altitude display tape.

O

O

(>
O

0
m

I° o I O° *1

9) The analog/digital angle of attack display (white) is def'med below. Digital angle of attack
moves with the analog pointer on the scale. If the angle of attack is not displayed using this dis-
play, digital angle of attack is displayed in the upper left hand comer of the HUD.

-3O

"20

0
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10) Theanalog/digital"g" tape(white)displayis definedbelow. Digital normalacceleration
moveswith theanalogpointeron thescale. If thenormalaccelerationis notdisplayedusingthis
display,digital normalaccelerationis displayedin theupperleft handcomerof theHUD.

2011.5

0.5

11) The Takeoff Climb Guidance System is shown below. It consists of a labeled dashed line
with a velocity vector guidance symbol (an open circle). The dashed line (magenta) is displayed
when the pilot is commanded to fly a specific climb gradient (maneuvers 2010 and 2030). The la-
bels of this line represent the climb gradient, in percent. When the velocity vector guidance system
is operating in this mode, the velocity vector guidance symbol (also magenta) is constrained to
travel across the dashed line and provides the pilot with steering information only to maintain the
extended runway centerline. When the takeoff guidance system is in airspeed command mode
(maneuvers 2011, 7035, and 7036) the dashed line is removed and the velocity vector guidance
symbol provides both longitudinal and lateral information. Longitudinal guidance is a combination
of airspeed error and inertial acceleration and is provided to assist the pilot to maintain the desired
airspeed when operating in a fixed-thrust mode. The pilot attempts to place the velocity vector
symbol on top of the velocity vector guidance symbol. The lateral guidance is the same regardless
of which mode of the takeoff climb guidance system is selected.

13 _ 13

12) The depressed glideslope reference line is shown below (white). Its purpose is to provide
the pilot with an indication of where to place the velocity vector to fly a flight path angle equal to
the glideslope. It is horizontally slaved to the velocity vector.

13) The tail scrape bar (red and white) is shown below. It indicates what pitch attitude the air-
craft would have to reach in order to scrape the tail on the ground.

Illlllllllllllllllllll]

14) Reference waterline (white) is shown below in two sizes. Most of the time the reference
waterline is the smaller size which is indicated by the "normal reference waterline" label. During
takeoff rotations, however, the reference waterline becomes much larger and is used in conjunction
with the pitch rate error brackets to precisely control the aircraft's rotation performance. The pitch
rate error brackets are approximately 2 HUD degrees high. A pitch rate error of _+0.5 deg/sec will
displace the pitch rate error bracket one half the height of the inner pointer with respect to the refer-
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encewaterline.A pitchrateerrorof+l.0 deg/secwill displacethepitch rateerrorbracketonehalf
of its totalheightwith respectto thereferencewaterline.

E j Normal reference waterline
""1

"-'-_--__-_------- Pitch rate error brackets

Enlarged reference waterline
(used during takeoff rotation)

15) The digital information which can be displayed in the upper left hand comer of the HUD is
shown below. When angle of attack and normal acceleration are being displayed using the ana-
log/digital tape displays, those parameters are removed from this element.

28
-_------Wind indicator (speed and relative direction)

282 GS -'_-----Ground speed (kts)
0.44M _Mach number
0.81 G -_------Normal acceleration (g)
6.5 o_ --_----_Angle of attack (degs)

HUD display control: Display of all of the HUD items listed below are controlled through the I.C.
files for each of the assessment tasks. Each task has several HUD options that can be viewed by
striking the HUD declutter button on the simulator instrument panel. In general, three HUD op-
tions are available along with varying levels of declutter. Repeatedly striking the declutter button
will eventually remove all HUD symbology. Additionally, HUD mode changes, such as encoun-
tered during the go-around maneuver, will induce an automatic HUD change when the pilot strikes
the TOGA button.

28



Appendix B. Flight cards

The following pages represent the flight cards used in the Ref. H Assessment test.

Flight Card
AGL
ALT
AOA
A/T
CDU
C.G.
CHR
Config
DME

EPR
F/D
FPM, fpm
GEAR
G/S
GW
HUD
ILS
KEAS
LEF
LOC
M
M13
MCT
MFC
MIC
Mmo
MTE
MTO
N/A
OM
PFD
PSCAS
PIO
R/C
RSCAS
TEF
TO/GA
Trim

V1
V2
Vapp
Vappl

Nomenclature

Above Ground Level, ft
Altitude
Angle of attack, degrees
Autothrottle
Cockpit Display Unit
Center of gravity, % of mean aerodynamic chord
Cooper-Harper pilot rating
Aircraft configuration
Distance Measuring Equipment (shorthand for distance from runway
threshold)
Exhaust Pressure Ratio (shorthand for throttle position)
Flight Director
Feet per minute
Landing gear position
Glide slope (part of the instrument landing system)
Gross weight
Head-up display
Instrument Landing System
Equivalent airspeed, knots
Leading edge flaps, degrees
Localizer (part of the instrument landing system)
Mach Number
Mass case 13 - maximum taxi weight at forward C.G.
Maximum continuous thrust
Final Cruise mass condition
Initial Cruise mass condition
Maximum Operating Mach Number
Mission Task Element
Maximum Takeoff power setting
Not applicable
Outer Marker
Primary Flight Display
Pitch Stability and Control Augmentation System
Pilot-Induced Oscillation
Rate of climb, ft/min
Roll Stability and Control Augmentation System
Trailing edge flaps, degrees
Takeoff/Go-Around
Indicates this parameter should be set to the value required to achieve
trimmed (unaccelerated) initial conditions.
Takeoff Decision Speed
Takeoff Safety Speed
Approach Speed
Approach Speed, first approach segment
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Vapp2
VFR
Vg/a
VHD
VLO, Vlo
Vmin
Vmo
Vmca
Vmcg
Vmcl-2
Vr
Vref
V/S

Approach Speed, second approach segment
Visual Flight Rules
Go-Around Speed
Velocity/Height Display
Lift-off Speed
Minimum Operating Speed
Maximum Operating Speed
Minimum Control Speed, air
Minimum Control Speed, ground
Minimum Control Speed, landing, two engines out
Takeoff Rotation Speed
Reference Speed
Vertical speed
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Appendix C. Controls Allocation Document

The attached pages represent the manner in which the control surfaces are utilized to provide flight
control functions.
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Appendix C. Controls Allocation for LaRC.1

Actuator model
The actuator model used for LaRC. 1 includes the effect of aerodynamic hinge moments on rate and
position authority, and includes blow-back of control surfaces at sufficiently high dynamic
pressure and surface extensions.

Controls Mixer

Longitudinal
The total pitch command from the control system (both pilot and SAS components) are used to
command the elevator and stabilizer in a 2:1 gearing - that is, a 10 degree elevator trailing-edge-up
command yields a 5 degree stabilizer trailing-edge-up command.

Lateral/Directional

For LaRC. 1, trailing edge flaps 1, 2, 3 on the left wing and 6, 7, 8 on the right wing are used as
flaperons.

Flap Logic

Takeoff flap setting
For takeoffs, the flaps are fixed at 30 ° leading edge and 10° trailing edge (30/10).

Landing flap setting
The landing flap setting is fixed at 0 ° leading edge and 30 ° trailing edge (0/30). If the speedbrake
handle is raised prior to touchdown (ground armed position) the flaps will retract at maximum rate
when weight-on-wheels is detected.

Flap extension/retraction logic
On landing, the flaps convert from automatic to landing settings starting at 390 feet gear height
over 18 seconds for most tasks; the decelerating approaches use a different time scale so that the
reconfiguration takes place over the entire approach. On takeoff the flaps reconfigure from takeoff
to automatic flap schedule starting above 35 ft gear height over a period of 18 seconds. In a go-
around situation, the flaps reconfigure from landing settings to the appropriate takeoff or auto
schedule over 18 seconds after the TOGA button is depressed.

Autoflap schedule
The automatic flap schedule is used for all flight envelopes except landing and takeoff, or as noted
on the flight cards. The schedule was extracted from a document by Brett Churchill of Boeing, and
are separate functions of weight and Mach for inboard and outboard leading and trailing edge flaps.

This nominal flap schedule is further modified by a low-speed function, based upon angle of
attack. If angle-of-attack goes above a 15 degrees, the automatic flap schedule is modified with a
minimum deflection value (a function of angle-of-attack) (not shown).

The nominal (low angle-of-attack) automatic flap schedules are shown below:
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Inboard Flaps

5O
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4O
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0.2 0.4 0.6

TE, 300 klb
LE, 300 klb
TE, 700 klb
LE, 700 klb

0.8

Math

Outboard Flaps

50

45

40

,='35
"o

30
c
o25

_ 2o
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10

5

0

0

TE, 300 klb

, ,_LE, 300 klb
' '...... TE, 700 klb

, '_,\ i...... TE, 700 klb

', ",,
I \

0.2 0.4 0.6 0.8 1 1.2 1".4 1.6 1.8 2 2.2

Mach

Vortex Fence
The vortex fence is used to assist in improving nose-down trim during landings and assisting in
rotation during takeoff. The fence extends during takeoff when Vr is reached and the stick is
moved aft of center, and retracts when either the gear is off the ground or desired rotation pitch
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attitude is reached. The rotation fence operation is rate limited such that full extension or retraction
takes one second while weight is on the wheels, and 3 1/3 seconds if in the air.

During landing, the fence extends over 18 seconds starting at 390 feet gear height in sync with the
flap reconfiguration, and stows during landing rollout.

Spoiler Slot deflectors
The Spoiler/Slot deflectors (SSDs) are not used for roll control, but are available to function as
speedbrake for most tasks.

Landing mode
In most landing tasks, the speedbrake handle can be armed for ground spoilers by raising the
speedbrake handle prior to touchdown. When weight-on-wheels is fn'st detected, the flaps retract
and the spoilers extend.

Emergency Descent
In the emergency descent task, the spoilers should be deployed fully. A variable amount of drag
can be programmed for the "generic drag device" so that the amount of drag required to perform
the emergency descent within the time limits imposed by Federal Aviation Regulations can be
studied.

Rate and Position Limits for actuators

Actuator

Elevator

Stabilizer

Flaperons*

LE flaps

TE flaps 4 & 5

Rudder

Vortex Fence

Rate limit
deg/sec

50

25

5O

15

15

5O

90

Position limits (deg)
negative positive

-30 +30

-15 +15

-30 30

0 +50

0 +30

-30 +30

0 +70

*(T.E. 1, 2, 3, 6, 7, 8)
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